Background
==========

Nature has bestowed mankind with a structurally diverse chemical compounds for alleviating human aliments \[[@b1-medscimonit-25-1283]\]. With recent progress in science, more and more natural products are being screened for their medicinal properties \[[@b2-medscimonit-25-1283]\]. Among these natural products, plants and microbes have been the major sources of drugs \[[@b3-medscimonit-25-1283]\]. A number of today's drugs come from plants. For example, an anti-malarial drug, artemisinin, has saved millions of lives \[[@b4-medscimonit-25-1283]\]. Similarly, many anticancer drugs are of plant origin \[[@b5-medscimonit-25-1283]\]. Although plants produce these metabolites for their own needs, humans have utilized them for their own benefit for thousands of years \[[@b6-medscimonit-25-1283]\]. The plant secondary metabolites have been categorized into different group based on their structural properties. Triterpenoids constitute a vast group of plant metabolites \[[@b7-medscimonit-25-1283]\]. Triterpenes have been shown to exhibit remarkable anticancer effects and are believed to be prospective anticancer agents \[[@b7-medscimonit-25-1283]\]. Ursolic acid is a triterpenoid that has been evaluated against different types of cancer cells \[[@b8-medscimonit-25-1283]\]. For example, ursolic acid inhibits the proliferation of the lung cancer cells \[[@b9-medscimonit-25-1283]\]. However, the anticancer properties of ursolic acid are yet to be investigated against metastatic melanoma cells. Melanoma accounts for approximately 4% of cancer-related deaths and it is the sixth most common type of cancer in the United States. It has been reported that 1 in every 5 individuals develop skin cancer in the United States \[[@b10-medscimonit-25-1283]\]. There is solid evidence that exposure to ultraviolet radiation initiates the development of melanoma, and much research attention has been focused on the potential of natural products to protect against UVR-induced skin cancer \[[@b11-medscimonit-25-1283]\]. In the present study we assessed the anticancer effects of a plant triterpenoid, ursolic acid, against metastatic SK-MEL-24 melanoma cells, showing that ursolic acid inhibits the growth of SK-MEL-24 cells in a concentration-dependent manner. These anticancer effects of ursolic were found to be due to triggering of apoptosis. Ursolic acid also blocked the cell division of the cancer cells by arresting the cells in the G~0~/G~1~ phase of the cell cycle. The anti-metastatic potential of ursolic acid was examined by cell migration and invasion assays and we found that ursolic acid inhibited migration and invasion of SK-MEL-24 cells by targeting the MAPK/ERK signaling pathway. Our results show that ursolic acid may prove beneficial in the management of metastatic melanoma.

Material and Methods
====================

Cell culture conditions
-----------------------

SM-MEL-24 human metastatic melanoma cancer cells were obtained from the Cancer Research Institute of Beijing (Beijing, China) and maintained in Dulbecco's modified Eagle's medium (Invitrogen Life Technologies, MA, USA) supplemented with 10% fetal bovine serum (Invitrogen Life Technologies, MA, USA), 100 μg/ml streptomycin, and 100 U/ml penicillin G (Himedia, PA, USA) in an incubator at 37°C with 5% CO~2~.

WST-1 cell viability and colony-formation assay
-----------------------------------------------

The anticancer effect of ursolic acid was assessed on metastatic melanoma cells by WST-1 assay. In brief, the SK-MEL-24 cancer cells were cultured at a density of 2.5×10^5^ cells/well in 96-well plates and subjected to treatment with varied concentrations of ursolic acid (0--200 μM). This was followed by incubation of SK-MEL-24 cells with WST-1 for 3 h at 37°C, and the proliferation rate was determined by measuring absorbance at 450 nm. The morphology of ursolic acid-treated cells was also examined by phase-contrast microscopy. The effect of ursolic acid on the formation of SK-MEL-24 colonies was investigated as described earlier \[[@b12-medscimonit-25-1283]\].

Acridine orange and Ethidium bromide (AO/EB) staining for apoptosis
-------------------------------------------------------------------

For AO/EB staining, the melanoma SK-MEL-24 cells (0.6×10^6^) were grown in 6-well plates. Following incubation for 12 h, the SK-MEL-24 cells were subjected to ursolic acid treatment (0, 12.5, 25, and 50 μM) for 24 h at 37°C. As the cells sloughed off, 25-μl cell cultures were put onto glass slides and subjected to staining with a solution (1 μl) of AO and EB. The slides were covered with a covers lip and examined with a fluorescence microscope.

Cell cycle analysis
-------------------

The distribution of the metastatic melanoma SK-MEL-24 cells in different cell cycle phases was performed by flow cytometery after PI staining using a method reported previously \[[@b13-medscimonit-25-1283]\]. In brief, the SK-MEL-24 cells were grown in 6-well plates and treated with ursolic acid (0, 12.5, 25, and 50 μM) for 24 h at 37°C. The cells were then collected and washed with PBS, followed by fixation in ethanol (70%). After overnight incubation at 4°C, the cells were subjected to PI staining and subjected to flow cytometery.

Cell migration and invasion assays
----------------------------------

For cell migration and invasion analysis, the metastatic melanoma SK-MEL-24 cells were subjected to treatment with 0, 12.5, 25, and 50 μM concentrations of ursolic acid. The cell migration and invasion assays were then performed as described previously \[[@b14-medscimonit-25-1283]\].

Western blotting
----------------

After the lysis of the SK-Mel-24 cancer cells in RIPA lysis buffer, the protein content of each lysate was estimated by BCA assay. The samples were then loaded on the SDS-PAGE. The gels were then transferred to nitrocellulose membranes and subjected to treatment with primary antibody at 4°C for 24 h. After this, the membranes were incubated with HRP-conjugated secondary antibody (1: 1000) for 50 min at 25°C. Enhanced chemi-luminescence reagent was used to visualise the protein bands.

Statistical analysis
--------------------

The experiments were performed 3 times and the values are presented as the mean ± standard deviation of the 3 replicates. We used the *t* test (for comparison between 2 samples) and one-way ANOVA followed by Tukey's test (for comparison between more than 2 samples) for statistical analysis using GraphPad Prism software (version 7; GraphPad Software, Inc., La Jolla, CA, USA). P\<0.01 was considered a statistically significant difference.

Results
=======

Ursolic acid exerts antiproliferative effects on SK-MEL-24 melanoma cells
-------------------------------------------------------------------------

The effects of ursolic acid ([Figure 1A](#f1-medscimonit-25-1283){ref-type="fig"}) on the metastatic SK-MEL-24 melanoma cells was examined by WST-1 assay. We found that that ursolic acid exerts antiproliferative effects on the SK-MEL-24 melanoma cell line and had an IC~50~ of 25 μM ([Figure 1B](#f1-medscimonit-25-1283){ref-type="fig"}). In addition, we found that the anticancer effects of ursolic acid on melanoma cells exhibited a dose-dependent pattern. The investigation of the ursolic acid-treated SK-MEL-24 cells revealed that ursolic acid significantly inhibited the colony formation ability of SK-MEL-2 cells ([Figure 2](#f2-medscimonit-25-1283){ref-type="fig"}).

Ursolic acid triggers apoptosis in SK-MEL-24 melanoma cells
-----------------------------------------------------------

Ursolic acid triggered apoptotic cell death of metastatic melanoma SK-MEL-24 cells after the cells were treated with ursolic acid and subjected to AO/EB staining. The results of AO/EB assay showed that ursolic acid induced apoptotic cell death in the SK-MEL-24 melanoma cells ([Figure 3](#f3-medscimonit-25-1283){ref-type="fig"}). Analysis of the protein expression of the apoptosis biomarker proteins revealed that ursolic acid increase in the expression of Bax and cleaved caspase 3 and 9, while the expression of Bcl-2 decreased in a concentration-dependent manner ([Figure 4](#f4-medscimonit-25-1283){ref-type="fig"}).

Ursolic acid triggers G~0~/G~1~ arrest of SK-MEL-24 melanoma cells
------------------------------------------------------------------

The effects of ursolic acid on the distribution of SK-MEL-24 melanoma cells (SK-MEL-24) in various cell cycle phases was assessed by flow cytometry. We found that ursolic acid caused a remarkable increase in the percentage of SK-MEL-24 melanoma cells in G~0~/G~1~ phase of the cell cycle. The percentage of SK-MEL-24 melanoma cells in G~2~ phase increased from 58.5% to 79.4% upon treatment with ursolic acid ([Figure 5](#f5-medscimonit-25-1283){ref-type="fig"}). These results clearly indicate that ursolic acid induces G~0~/G~1~ cell cycle arrest of SK-MEL-24 melanoma cells. Moreover, G~0~/G~1~ cell cycle arrest of SK-MEL-24 cells by ursolic acid was also associated with suppression of Cyclin B1 and Cdc2 expression in a concentration-dependent manner ([Figure 6](#f6-medscimonit-25-1283){ref-type="fig"}).

Ursolic acid inhibits the migration and invasion of the SK-MEL-24 cells
-----------------------------------------------------------------------

The anti-metastatic effects of ursolic acid were investigated by cell migration and invasion assays. We found that ursolic acid treatment inhibited the migration of the cancer cells in a dose-dependent fashion ([Figure 7](#f7-medscimonit-25-1283){ref-type="fig"}). Similar effects were also exhibited by ursolic acid on the invasion of SK-MEL-2 cells ([Figure 8](#f8-medscimonit-25-1283){ref-type="fig"}).

Ursolic acid inhibits the MAPK/ERK signaling pathway
----------------------------------------------------

Several of the signaling pathways are activated in cancer cells, and those pathways are considered important targets for anticancer drugs. The effect of ursolic acid was also investigated on the MAPK/ERK signaling pathway in SK-MEL-24 cells. We found that ursolic acid causes considerable decrease in the expression of the p-P38 and p-ERK proteins. However, no visible effect was observed on total P38 and ERK protein expression, and this effect was concentration-dependent ([Figure 9](#f9-medscimonit-25-1283){ref-type="fig"}).

Discussion
==========

Melanoma is a deadly cancer accounting for approximately 4% of all cancer-related mortalities \[[@b10-medscimonit-25-1283]\]. The lack of effective drug regimens, as well as metastasis of the melanoma to distal parts of the body, make melanoma treatment complicated \[[@b15-medscimonit-25-1283]\]. Here, we assessed the anticancer effects of a natural triterpenoid on metastatic SK-MEL-24 melanoma cells. We found that ursolic acid inhibits the growth of SK-MEL-24 melanoma cells in a concentration-dependent manner and exhibited an IC50 of 25 μM. Colony formation assay showed that ursolic acid also suppressed the colony formation ability of SK-MEL-24 melanoma cells in a dose-dependent manner. Previous studies have also shown that ursolic acid inhibits the growth of cancer cells, and ursolic acid has been found to inhibit the growth of pancreatic and lung cancer cells \[[@b9-medscimonit-25-1283],[@b16-medscimonit-25-1283]\]. We explored the underlying mechanism of the ursolic acid-triggered inhibition of cell proliferation, and found that ursolic acid causes the apoptosis of SK-MEL-24 cells in a dose-dependent manner. Apoptosis removes the defective, abnormal, or cancerous cells from the body and prevents the development of drug resistance in cancer cells \[[@b17-medscimonit-25-1283]\]. The ursolic acid-induced apoptosis was also allied with the upregulation of Bax and caspase-3 and 9 and downregulation of BCl-2. In addition to apoptosis, cell cycle arrest is another mechanism responsible for the anticancer activity of several anticancer drugs \[[@b13-medscimonit-25-1283]\]. Here, we found that ursolic acid halted the division of cells at the G~0~/G~1~ phase of the cell cycle and also reduced the expression of Cyclin B1 and Ccd2 protein expression. Metastasis is an important property of cancer cells \[[@b18-medscimonit-25-1283]\] and the anti-metastatic potential of SK-MEL-24 cells was investigated by cell migration and invasion assays. We found that ursolic acid inhibited the migration of cancer cells. It is belived that in cancer cells several signal transduction pathways are aberrantly activated and are responsible for the development and progression of cancers. Here, we examined the effects of ursolic acid on the MAPK/ERK signaling pathway and found that ursolic acid blocks this pathway, suggesting the anticancer potential of ursolic acid. However, the evaluation of ursolic acid against more cell lines and under *in vivo* conditions will provide better insights into the anticancer effects of this molecule.

Conclusions
===========

We found that ursolic acid exhibits considerable anticancer effects on metastatic melanoma cells by activating apoptotic cell death and cell cycle arrest. In addition, ursolic acid also suppresses the migration of melanoma cells, indicating its tremendous potential as an anticancer agent.
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![(**A**) Chemical structure of ursolic acid. (**B**) Effect of ursolic acid on viability of SK-Mel-24 cells. The results show that ursolic acid decreases cell viability in a concentration-dependent manner. The results are shown as the means of 3 replicates ±SD (\* p\<0.01).](medscimonit-25-1283-g001){#f1-medscimonit-25-1283}

![Effect of ursolic acid on the colony formation of SK-Mel-24 cells. The results show that ursolic acid inhibits colony formation in a concentration-dependent manner. The results are the means of 3 replicates ±SD (\* p\<0.01).](medscimonit-25-1283-g002){#f2-medscimonit-25-1283}

![Effect of ursolic acid on apoptosis induction in SK-Mel-24 cells. The results show that ursolic acid increases apoptotic cells in a concentration-dependent manner. The results are the means of 3 replicates ±SD (\* p\<0.01).](medscimonit-25-1283-g003){#f3-medscimonit-25-1283}

![Effect of ursolic acid on the expression of apoptosis-related proteins in the SK-Mel-24 cells as shown by Western blotting. The experiments were carried 3 times.](medscimonit-25-1283-g004){#f4-medscimonit-25-1283}

![Effect of ursolic acid on cell cycle distribution of SK-Mel-24 cells. The results show that ursolic acid triggers G0/G1 cell cycle arrest in a concentration-dependent manner. The experiments were carried out 3 times.](medscimonit-25-1283-g005){#f5-medscimonit-25-1283}

![Effect of ursolic acid on the expression of cell cycle-related proteins in the SK-Mel-24 cells as shown by Western blotting. The experiments were performed 3 times.](medscimonit-25-1283-g006){#f6-medscimonit-25-1283}

![Effect of ursolic acid on the migration of SK-Mel-24 cells as shown by Western blotting. The results show that ursolic acid inhibits cell migration in a concentration-dependent manner. The results are the means of 3 replicates ±SD (\* p\<0.01).](medscimonit-25-1283-g007){#f7-medscimonit-25-1283}

![Effect of ursolic acid on the invasion of the SK-Mel-24 cells. The results show that ursolic acid inhibits cell invasion in a concentration-dependent manner. The results are the means of 3 replicates ±SD (\* p\<0.01).](medscimonit-25-1283-g008){#f8-medscimonit-25-1283}

![Effect of ursolic acid on the expression of MAPK/ERK pathway proteins in the SK-Mel-24 cells as shown by Western blotting. The experiments were performed 3 times.](medscimonit-25-1283-g009){#f9-medscimonit-25-1283}
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